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OUTLINE
 

a.	� Describe Pre-prototype Cooler 

b.	� Heat sinks used 

c.	� Flow Directions 

d.	� Discuss Quantum Wells 

e.	� Eggcrate Design 

f.	� How module is made 

g.	� Significance of Rapid Thermal Annealing 

h.	� Some recent results from Small Film Sample 
on SOI 
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DESCRIPTION OF PROTOTYPE HEATER/COOLER 

 3 HZ-14 Modules 

 6 Aluminum Pin Fin Heat sinks 

 2 Motorized Centrifugal Impellers 

 Insulation 

 Aluminum Covers 
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COOLER ASSEMBLY, SIDE VIEW 
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AIR COOLED HEAT SINKS 

PHYSICAL DIMENSIONS 

 Size 6” x 6” X 2” 

 188 PINS 

 3/16” Diameter 

 Cast Aluminum 
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  AIR COOLED HEAT EXCHANGER 
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INVESTIGATED FLOW DIRECTION
 

Look at Both Counter and Parallel Flow
�

Graphs shown for equal Volumetric Flow Both 
Sides 

Investigated Variations IN Volumetric Flow 

Attempted to Take Advantage of High Thermal 
Efficiency at Low Delta T
�
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COUNTER FLOW COOLER 
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PARALLEL FLOW COOLER 
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INSIDE OF HEATER/COOLER 
(COVER REMOVED) 
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QUANTUM WELL THEORY 

Modules multiple layers of Si and 80Si/20Ge
�

 Layers 50 to 100 Å thick 

 Stacked up to thickness of 1µm or more 

Made by MBE are Sputtering 

-Sputtering used by Hi-Z to Lower Cost 

-Machine Range from 2“ to 6” diameter 

 Films Deposited on Silicon, Kapton , Glass or 
SOI substrates. 
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TWO-DIMENSIONAL QUANTUM WELL TE
 

 Active layer sandwiched between 
materials with band offset to form a 
barrier for the charge carriers 

 Increased Seebeck coefficient (α) 
due to an increase in the density of 
states 

 Significant reduction on resistivity 
(ρ) due to quantum confinement of 
carriers 

 Significant reduction on thermal 
conductivity (κ) due to strained 
lattice and other factors 

 Quantum Well (QW) effects become 
significant at a layer thickness of
<200Å 
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   QUANTUM WELL AND THE DE BROGLIE RELATIONS 
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 6” MAGNETRON SPUTTERING MACHINE 
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LIGHT EMITTED FROM RTA IN OPERATION 
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EGGCRATE 
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EXAMPLES OF FILMS MADE OR SMALL 
MACHINE 

 Less then 2”Diameter samples 

 Magnetron Sputtering Machine 
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  N-TYPE SI/SIGE QW FILMS ON SOI 
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  P-TYPE SI/SIGE QW FILMS ON SOI 
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RESULTS 

 Air Conditioning with No moving parts
�

 No Gases except air involved 

 Performance on a Par with Vapor 
Compression 

 Can be used  as Heat Pump by Simply 
Reversing Polarity 
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